A strictly anaerobic Gram-stain-positive, non-motile and non-spore-forming bacterial strain, BR31
The human large intestine harbours highly diverse anaerobic bacteria colonized at concentrations greater than 10 12 cells ml À1 [1] . Firmicutes and Bacteroidetes are the two most dominant phyla, which play commensal roles by aiding the digestion of non-digestible fibres during fermentation [2] . Recent human gut microbiome studies have focused on in silico whole genome and metagenomic analysis as well as on investigating distinct features of anaerobic bacteria and their interactions based on culturing techniques. Browne et al. revealed that spore-forming ability ensures host-to-host microbiota transmission and suggested a novel workflow for obtaining and phenotyping uncultivated commensal gut bacteria [3] . Spore formation is a key feature of strains within the class Clostridia, but is no longer used to determine a taxonomic affiliation [4] . In particular, Clostridium cluster XIVa in the phylum Firmicutes has attracted a great deal of attention as producing beneficial small-molecule metabolites from carbohydrates [5] . These microbial-derived metabolites interact closely with host immune systems, such as inducing immunomodulatory effects by promoting regulatory T cells [6] . Clostridium cluster XIVa encompasses diverse genera such as Coprococcus, Dorea, Eubacterium, Roseburia and Ruminococcus [4] . Here, we describe the taxonomic characterization of a novel bacterial strain, BR31
T , belonging to Clostridium cluster XIVa.
Strain BR31
T was isolated from a faecal sample obtained from a healthy Korean female (30 years old) who had not taken antibiotics in the previous 6 months. After collection, the faecal sample was immediately brought into an anaerobic workstation (Coy Laboratory Products) containing 5 % H 2 , 5 % CO 2 and balanced nitrogen. To isolate obligate anaerobic bacteria, all materials were brought into the workstation and prepared anaerobically. The faecal sample was directly plated onto YCFAG medium [7] , with 1.5 % (w/v) agar added. After 18 or 24 h of incubation at 37 C under anaerobic conditions, single colonies less than 1 mm in diameter were selected and sub-cultured on fresh modified Gifu anaerobic medium (MB-G0825, modified GAM; Kisan Bio) agar plates to ensure purity. The isolate, designated BR31 T , was routinely cultured under the same conditions and stored at À81 C in modified GAM supplemented with 25 % (v/v) glycerol for preservation.
Genomic DNA was extracted from cell pellets using the Wizard genomic purification kit (Promega). 16S rRNA genes of strain BR31
T were amplified and sequenced as described by Chun and Goodfellow [8] . Sequences were compared with 16S rRNA gene sequences of prokaryotic type strains with validly published names available from the EzTaxon database [9] . Strain BR31
T showed a close relationship with members of the family Lachnospiraceae, such as Eubacterium contortum DSM 3982 T T (91.5 %). The sequences of strain BR31 T and those of closely related strains were retrieved from GenBank and aligned using the EzEditor program [10] . Phylogenetic analysis was performed on 1397 shared nucleotides with the neighbour-joining [11] and maximum-likelihood [12] methods using the program MEGA version 6.06 [13] . Evolutionary distances were calculated according to Juke and Cantor's one-parameter model [14] and the stability of the tree topologies was estimated by bootstrap analysis with 1000 replications [15] . Bayesian inference was calculated using MrBayes 3.2.2 [16] . The 16S rRNA gene sequencebased phylogenetic tree indicated that strain BR31
T formed a separate branch within the family Lachnospiraceae (Figs 1  and S1 , available in the online Supplementary Material). Based on these results, E. contortum DSM 3982 T , C. hylemonae DSM 15053 T , C. scindens KCTC 5591 T and R. lactaris ATCC 29176
Ruminococcus faecis
T were demonstrated to be the closest relatives.
Both E. contortum DSM 3982 T [17] and C. hylemonae DSM 15053
T [18] were obtained from DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen) and R. lactaris ATCC 29176
T [19] was purchased from ATCC (American Type Culture Collection). C. scindens KCTC 5591 T was obtained from KCTC (Korean Collection for Type Cultures), and all reference type strains were cultivated under the same anaerobic culture conditions.
Whole genome sequencing was performed to determine the DNA G+C content and for genomic analysis of strain BR31
T . Prepared genomic DNA was sequenced using Illumina MiSeq system technology with a 250 bp read length and pair-end reads were assembled with the CLC Genomics Workbench 5.5.1 (CLC Bio.). The final draft genome of strain BR31
T had 66 contigs and a genome size of 3.32 Mb. The DNA G+C content of strain BR31
T was calculated as 47.0 mol% ( Table 1 ). The average nucleotide identity (ANI) value, which is suggested as a new method for classification of bacterial species, was calculated using the BLAST-based ANI calculation method [20] . The highest ANI value was 73.0 %, which was obtained through comparison of strain BR31 T and C. scindens ATCC 35704 T (PRJNA18175) ( Table S1 ). The calculated ANI values were significantly lower than the proposed cut-off ANI values for novel bacterial species (95-96 %; [20, 21] ) corresponding to the recommended 70 % DNA-DNA hybridization cut-off [22] . The assembled draft genome was submitted to the Rapid Annotation Subsystem Technology (RAST) server [23] . Genes responsible for biosynthesis of teichuronic acid, polyamines, polar lipids and diaminopimelic acid (DAP) were present in the genome of strain BR31
T . Genomic analysis also revealed that the diagnostic diamino acid in the cell wall peptidoglycan was meso-2,6-DAP (EC 6.3.2.13).
Polar lipids were extracted and identified by twodimensional TLC as described by Minnikin et al. [24] and Komagata and Suzuki [25] . Strain BR31
T contained phosphatidylglycerol as a major component. Unidentified aminolipids, unidentified phospholipids and an unidentified lipid were also present. The isomer type of DAP was 
Enzyme activity* Alkaline phosphatase determined as described previously [25] . Strain BR31 T had meso-DAP in the cell-wall peptidoglycan.
Colony morphology was assessed on modified GAM agar and cell morphology was examined by using transmission electron microscopy (Fig. S2) . Briefly, a droplet of bacterial culture was placed on grids and negative staining of cells was achieved with 2 % sodium phosphotungstate. After washing in distilled water, air-dried grids were examined under the transmission electron microscope.
All experiments were performed under strictly anaerobic conditions by using both the anaerobic workstation and AnaeroPak system (Mitsubishi Gas Chemical). All growth medium was prepared anaerobically by flushing with CO 2 and, after autoclaving, the medium was brought into the anaerobic workstation. Effects of temperature were assessed at 13, 25, 37, 45 and 50 C for up to 14 days, and pH effects were determined over the range of pH 4.4-6.8 at intervals of 0.4 pH units (adjusted with 10 M KOH or HCl after autoclaving the media). Hydrogen sulfide production, indole formation and bacterial motility were investigated using hydrogen sulfide indole motility (SIM; Oxoid) medium. The Gram reaction was performed according to the Gram stain kit (Difco) and spore staining was conducted with malachite green dye. Catalase activity was tested using 3 % (v/v) hydrogen peroxide solution. Other biochemical reactions and enzyme activities were assessed with the API 20A, API ZYM and API rapid ID 32A kits according to the manufacturer's instructions (bioM erieux). Fermentation products were analysed in cultures grown on pre-reduced peptone-yeast extract (PY) [26] medium and PY medium supplemented with 1 % glucose (PYG) for 5 days using a GC-FID system [27] . Each assay was conducted in triplicate. The results of the growth and biochemical tests are summarized in Table 1 and in the species description.
To investigate cellular fatty acid composition, strain BR31 T and the reference type strains were cultured on modified GAM agar plates at 37 C for 2 days. Cellular fatty acid methyl esters were obtained from the cell biomass and analysed using the Sherlock Microbial Identification System (MIDI) version 6.2 based on the TSBA6.2 database. The major fatty acids (>10 %) of strain BR31 T were C 14 : 0 (25.0 %), followed by C 16 : 0 (18.6 %), summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) (14.6 %) and C 13 : 0 (11.6 %) ( Table 2 ). Minor components were summed feature 1 (iso-C 15 : 1 H and/or C 13 : 0 3-OH) (7.4 %), summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I) (4.1 %), C 12 : 0 (3.4 %) and iso-C 18 : 1 H (2.8 %). Major cellular fatty acids of strain BR31
T were absent in the fatty acid profile of E. contortum DSM 3982
T . The relative amounts of C 14 : 0 , C 16 : 0 , summed feature 4 and C 13 : 0 differed from those of reference strains within Clostridium cluster XIVa.
The phylogenetic tree based on 16S rRNA gene sequences showed that strain BR31
T forms a distinct separate branch within the family Lachnospiraceae. The comparison based on 16S rRNA gene sequences showed that the most closely related type strain was E. contortum DSM 3982 T , sharing 94.6 % similarity. This value was lower than the proposed cut-off value for the differentiation of novel genera (95 %; [28, 29] source in the API 20A kit. Unlike other reference type strains, BR31 T exhibited numerous enzyme activities such as a-galactosidase, a-glucosidase, b-glucosidase and aarabinosidase in both API ZYM and API rapid ID 32A strips. In addition, the fatty acid methyl ester profile of strain BR31
T was completely different from that of E. contortum DSM 3982
T . The major cellular fatty acids of strain BR31
T were C 14 : 0 (25.0 %), C 16 : 0 (18.6 %), summed feature 4 (14.6 %) and C 13 : 0 (11.6 %), which were absent in the profile of E. contortum DSM 3982
T , which encompassed iso-C 17 : 1 !10c (29.0 %), iso-C 15 : 1 !9c (26.5 %) and C 15 : 0 2-OH (18.8 %) as major fatty acids. Although the same major fatty acids of strain BR31
T were detected in C. hylemonae DSM 15053 T , C. scindens KCTC 5591 T and R. torques ATCC 27756 T , strain BR31 T had a higher C 14 : 0 content. DNA G+C content as well as metabolic end products of strain BR31
T were similar to other type strains in Clostridium cluster XIVa. Based on phylogenetic distance from related taxa and unique biochemical characteristics compared with other reference type strains in Clostridium cluster XIVa, strain BR31
T belongs to a novel species of a new genus in the family Lachnospiraceae, for which the name Merdimonas faecis gen. nov., sp. nov. is proposed.
DESCRIPTION OF MERDIMONAS GEN. NOV.
Merdimonas (Mer.di.mo¢nas. L. fem. n. merda faeces; Gr. fem. n. monas a unit, monad; N.L. fem. n. Merdimonas a stool monad, referring to the origin from stool).
Gram-stain-positive, strictly anaerobic, non-spore-forming, catalase-negative and oxidase-negative. Cells are rod-shaped with rounded ends. The major metabolic end product of glucose is acetic acid. Growth temperature range is 25-45 C and pH range is 6.0-6.8. The predominant cellular fatty acids are C 14 : 0 , C 16 : 0 , summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) and C 13 : 0 . The peptidoglycan contains meso-DAP and the main polar lipid detected is phosphatidylglycerol. The DNA G+C content is approximately 47.0 mol%. A member of the family Lachnospiracecae, order Clostridiales, based on comparative analysis of the 16S rRNA gene sequence. The type species is Merdimonas faecis.
DESCRIPTION OF MERDIMONAS FAECIS SP. NOV.
Merdimonas faecis (fae¢cis. L. gen. n. faecis of faeces, referring to the isolation source).
Displays the following characteristics in addition to those given in the genus description. Colonies are ivory-coloured 1-2 mm in diameter on modified GAM agar. Non-motile on soft agar, and does not produce hydrogen sulfide or indole in SIM medium. Optimal growth temperature is 37 C and optimal pH is 6.8. Does not produce acid from any carbon source in the API 20A kit. Cells are positive for gelatin hydrolysis and aesculin hydrolysis, but negative for indole formation and urease. In API ZYM strips, positive reactions are obtained for alkaline phosphatase, esterase (C4), acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase and b-glucosidase. Weakly positive for esterase (C8) but negative for lipase (C14), leucine arylamidase, valine arylamidase, crystine arylamidase, a-chymotrypsin, trypsin, N-acetyl-b-glucosaminidase, bgalactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. In API rapid ID 32A strips, positive reactions are obtained for a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, a-arabinosidase, proline arylamidase and glutamic acid decarboxylase. Weakly positive for alanine arylamidase but negative for urease, arginine dihydrolase, b-galactosidase 6-phosphate, b-glucuronidase, N-acetyl-bglucosaminidase, mannose fermentation, raffinose fermentation, a-fucosidase, arginine arylamidase, leucyl glycine arylamidase, phenylalanine arylamidase, leucine arylamidase, pyroglutamic acid arylamidase, tyrosine arylamidase, glycine arylamidase, histidine arylamidase, glutamyl glutamic acid arylamidase, serine arylamidase, reduction of nitrates, indole formation and alkaline phosphatase. The major fatty acids are C 14 : 0 , C 16 : 0 , summed feature 4 (comprising iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) and C 13 : 0 .
The type strain is BR31 T (=KCTC 15482 T =JCM 30748 T ), isolated from a faecal sample of a healthy female (30 years old). The DNA G+C content of the type strain based on the genome sequence is 47.0 mol%.
